Multiple reports of familial clustering suggest that genetic factors may contribute in the pathogenesis of atrioventricular nodal re-entrant tachycardia (AVNRT). We report three cases of AVNRT in a father and his two sons along with a review of literature of other similar cases. Electrophysiological studies induced typical AVNRT, which was successfully eliminated by radiofrequency ablation in all of them. Of the 22 reported cases, 96% had typical (slow-fast) variant of AVNRT. The predominant pattern of inheritance appears to be autosomal dominant, though other patterns may exist. Further research is needed to understand the genetic influence of AVNRT and its pathophysiology.
Introduction
Although atrioventricular nodal re-entrant tachycardia (AVNRT) is the most common mechanism of paroxysmal supraventricular tachycardia, the precise anatomy of the re-entry circuit underlying AVNRT and the relative role of the AV node and extranodal atrial inputs remain controversial [1e4] . Recently, genetic loci have been identified for the pre-excitation syndrome and atrial fibrillation [5e9]. Although no specific putative gene has been associated with AVNRT, multiple reports of twins case studies and familial clustering suggest that genetic factors may play a role in the pathogenesis of AVNRT. We report three cases of typical (slow-fast AVNRT) in a father and his two sons along with a review of literature of other similar cases of familial AVNRT.
Methods
A systematic search through Medline archives accessed by PubMed (1950e2015) using search the terms 'AVNRT', 'Dual AV nodal physiology', 'Typical AVNRT', 'AV nodal re-entrant tachycardia' in combination with 'Familial', 'Twin studies', 'Familial clustering', and 'Genetic' was performed. Studies in the form of fulllength articles, short reviews, and case reports both published and scheduled to be published were included in the search with "human" and "English" as limits.
Case reports from this search strategy were included if they demonstrated a fulfilment of the standard criteria for the diagnosis of AVNRT [1] . We found 5 case reports of twins studies and familial clustering of AVNRT (including this report). The corresponding authors were contacted for clarification, whenever there was missing or incomplete data.
Case report
3.1. Case 1 (1st generation -father, Fig. 1) A 55-year-old male, with systemic hypertension and dyslipidaemia, presented with complaints of rapid palpitations for the 6 months associated with multiple episodes of presyncope. Electrocardiogram (ECG) documented narrow QRS tachycardia with a short RP interval. Two episodes were terminated with intravenous adenosine. Physical examination, resting 12 lead electrocardiogram, chest X-ray, and an echocardiogram was normal. Informed consent was obtained for an electrophysiological study and ablations which were performed in a non-sedated, fasting state.
Electrode catheters were introduced into the femoral veins bilaterally and positioned in the right atrium (RA), coronary sinus (CS), His e Bundle region, and right ventricle (RV). Baseline recordings showed normal AH and HV intervals (Table 1) . Programmed ventricular stimulation with single extra stimulus showed concentric and decremental retrograde conduction. Sustained typical AVNRT (cycle length 390 msec) was induced by atrial burst pacing as well as single atrial stimulus protocol (Fig. 2) . Using a standard curve EPT ablation catheter, radiofrequency ablation (RFA) was delivered at 40 W for 90 s. Post ablation, the dual AV nodal physiology was eliminated and AVNRT was no longer inducible with or without Isoprenaline infusion. A coronary angiogram revealed normal epicardial coronary artery with no flow-limiting disease. He has remained well without any symptoms for more than 9 years after the RF ablation.
Case 2 (2nd generatione1st son)
A 27-year-old male first experienced episodic palpitation associated with presyncope and retrosternal chest pain at the age of 21. Despite treatment with oral atenolol, the frequency of the palpitations had increased over the previous 6 months. During tachycardia, the 12 lead ECG revealed a narrow regular QRS tachycardia (VR ¼ 220/min) with a short RP interval. Physical examination and echocardiogram were normal.
During the EP study, baseline intervals (AH, HV) were normal and VA conduction was found to be concentric and decremental. Successful slow pathway radiofrequency ablation was delivered with a continuous junctional rhythm for 90 s. No complication occurred after the procedure and the patient was symptom-free at 3 years of follow-up.
Case 3 (2nd generatione2nd son)
A 33-year-old male presented with complaints of episodic palpitations accompanied by nausea, sweating, and retrosternal chest pain for 2 months in duration. These episodes were precipitated by stress and strenuous physical exercise. General examination, electrocardiogram, chest X-ray, and echocardiogram were normal and hence an EPS was performed.
Upon demonstration of dual AV nodal physiology and confirming a diagnosis of typical (slow-fast) AVNRT, radiofrequency ablation of the slow pathway was carried out in the M1-M2 region of Koch triangle at 50 W for 180 s resulting in a slow intermittent junctional rhythm. After ablation programmed atrial stimulation did not induce AVNRT despite isoprenaline infusion. At 3 months follow-up, he remained free of symptoms.
Discussion
Until recently, paroxysmal supraventricular tachycardia caused by AV accessory pathways or dual AV nodal physiology were attributed to randomly occurring congenital anomalies of pathological substrates from birth [10] .In this report, we describe three cases of typical slow e fast AVNRT in a father and his two sons along with a review of all previous reports of AVNRT based on familial clustering and twins case studies.
Although conclusive proof of a genetic basis is lacking, there is mounting evidence by multiple reports based on twins case studies and familial clustering of a significant hereditary contribution in the development of AVNRT (Table 2) . It is of interest to note that there are only two occurrences of male-to-male transmission. However due to limited familial pedigree data available among affected individuals, further studies will be needed to elucidate the inheritance patterns of the disease. Of the 23 reported cases, 22 (96%) were diagnosed with the typical (slow-fast) variant of AVNRT; the exception being a 65 female who had both documented typical and atypical AVNRT pathophysiology. Radiofrequency ablation of the slow pathway was successful in all patients, although the difficulty in cannulation of a duodecapolar catheter into the coronary sinus was noted by Namgung et al.
Though there is a familial clustering, the age of onset is highly variable between the patients in all the studies. It is possible that though the substrate of dual AV nodal physiology is inherited, the triggering factor that marks the onset of AVNRT determines the age of manifestation. This may possibly explain the disparity in the age of manifestation within the families. There may be an underestimation of the prevalence of inherited dual AV nodal physiology as not all individuals may develop the clinical manifestations and thus remain undetected.
Despite the many reports of familial AVNRT, it remains unclear whether it is secondary to a single gene defect or multifactorial inheritance. Given the estimated prevalence of AVNRT in the general population of 1.35/1000 persons, the calculated probability of a father and two sons having the disease merely by chance without any genetic predisposition is less than 0.001% [11] . It seems unlikely that the familial clustering of AVNRT is simply a fortuitous event or the result of ascertainment bias [12] . The coexistence of other inherited arrthymias such as Brugada syndrome in patients with AVNRT, provides further support to a possible underlying genetic locus [13] . Further epidemiological research and molecular analysis may be able to provide definitive evidence of the genetic influence of AVNRT and its pathophysiology. In addition, these studies may even suggest specific targets for therapy of AVNRT and other common arrhythmias. 
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